metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Tetra-// 3 -hydroxido-tetrakis[tricarbonyl- 
rhenium(l)] pyridine tetrasolvate 

M. Schutte,* A. Brink, H. G. Visser and A. Roodt 

Department of Chemistry, University of the Free State, PO Box 339, Bloemfontein 
9301, South Africa 

Correspondence e-mail: schuttem@ufs.ac.za 
Received 15 August 2012; accepted 16 August 2012 

Key indicators: single-crystal X-ray study; T = 100 K; mean ct(C-C) = 0.017 A; 
R factor = 0.043; wR factor = 0.099; data-to-parameter ratio = 18.6. 



The title compound, [Re^/^-OH^CO^zHCsHgN, crystal- 
lizes with one tetranuclear rhenium(I) cubane-like molecule 
and four pyridine molecules in the asymmetric unit. The 
coordination environment of each Re 1 atom is distorted 
octahedral. Four intramolecular O— H- ■ N and four inter- 
molecular C— H- ■ O hydrogen-bond interactions are 
observed. Relatively strong hydrogen bonds are found 
between the hydrogen-bond donor (/z 3 -OH) and acceptor 
(basic N atom of pyridine), with N- ■ O distances between 
2.586 (10) and 2.628 (10) A. Intercube distances of 9.873 (2) 
and 12.376 (3) A are observed. 

Related literature 

For similar structures, see: Herberhold & Suss (1975); Nuber et 
al. (1981); Copp et al. (1995); Egli et al. (1997). For the 
synthesis of the precursor, see: Alberto et al. (1996). 
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Experimental 

Crystal data 

[Re 4 (OH)4(CO)i 2 ]-4C5H 5 N 

M, = 1465.39 

Monoclinic, P2^/c 

a = 11.895 (5) A 

b = 21.847 (5) A 

c = 16.245 (5) A 

P = 109.707 (5)° 



-Re- CO 



X 



CO 



CO 



V = 3974 (2) A 3 
Z = 4 

Mo Ka radiation 
fi = 12.22 mm -1 
T = 100 K 

0.43 x 0.11 x 0.11 mm 



Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
r mi „ = 0.211, r m „ = 0.271 

Refinement 

R[F 2 > 2a(F 2 )] = 0.043 

wR(F 2 ) = 0.099 

S = 1.04 

9594 reflections 

516 parameters 

4 restraints 



Table 1 

Selected bond lengths (A). 



68439 measured reflections 
9594 independent reflections 
7966 reflections with I > 1a(I) 
R<„, = 0.064 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/w = 7.00 e A~ 3 

A,o min = -6.09 e A~ 3 



Re3-C32 


1.886 (10) 


Re2-C23 


1.891 (9) 


Re3-C31 


1.900 (9) 


Re2-C22 


1.916 (9) 


Re3-C33 


1.906 (10) 


Re2-C21 


1.918 (10) 


Re3-01 


2.157 (6) 


Re2-03 


2.157 (6) 


Re3-03 


2.168 (6) 


Re2-02 


2.165 (6) 


Re3-04 


2.179 (6) 


Re2-01 


2.171 (6) 


Re4-C43 


1.893 (9) 


Ol-Rel 


2.178 (6) 


Re4-C42 


1.913 (10) 


04-Rel 


2.160 (6) 


Re4-C41 


1.918 (9) 


Rel-C12 


1.888 (10) 


Re4-02 


2.154 (7) 


Rel-C13 


1.889 (10) 


Re4-03 


2.172 (6) 


Rel-Cll 


1.907 (10) 


Re4-04 


2.173 (6) 


Rel-02 


2.169 (6) 



Table 2 

Hydrogen-bond geometry (A, °). 



D-U-A 




D-H 


H-A 


D-A 


D-U-A 


C103-H103-- 


■023' 


0.93 


2.59 


3.249 (12) 


128 


C203-H203- ■ 


■033" 


0.93 


2.42 


3.330 (13) 


166 


C303-H303- ■ 


■042"' 


0.93 


2.49 


3.321 (13) 


149 


C404-H404- ■ 


■032 iv 


0.93 


2.47 


3.252 (12) 


142 


01-H1-N2 




0.85 (2) 


1.76 (4) 


2.600 (10) 


170 (16) 


02-H2- ■ N3 




0.85 (2) 


1.74 (3) 


2.586 (10) 


174 (11) 


03-H3-N1 




0.85 (2) 


1.79 (4) 


2.627 (10) 


165 (14) 


Q4-H4- ■ N4 




0.85 (2) 


1.78 (4) 


2.620 (10) 


169 (15) 


Symmetry codes: (i) 
-.v, -v + 1, -z + 2; (iv) - 


x+l,-y- 
x + l,v+i. - 


I- 1, z + 1; (i 
-z + % 


) x-l,-y-\ 


-l,z-h (Hi) 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT- 
Plus (Bruker, 2008); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2005); software used to prepare 
material for publication: WinGX (Farrugia, 1999). 

The University of the Free State, the the Department of 
Chemistry at the University of the Free State, the NRF and 
Sasol Ltd. are gratefully acknowledged for funding and 
Theunis Muller for assistance with the refinement of the data. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HG5243). 
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Acta Cryst. (2012). E68, ml208-ml209 [doi:10.1107/S1600536812036033] 

Tetra-/i 3 -hydroxido-tetrakis[tricarbonylrhenium(l)] pyridine tetrasolvate 

M. Schutte, A. Brink, H. G. Visser and A. Roodt 

Comment 

The compound [Re^CO^C^-OH^], which is a cubane-like molecule, crystallized with four pyridine ligands (hydrogen 
bond acceptor molecules or 'spacers') in the asymmetric unit. Four intramolecular hydrogen bonds are observed between 
the hydroxide bridges in the rhenium cluster and the pyridine molecules. These hydrogen interactions are also found by 
Copp et al. (1995) with benzene, toluene, ^xylene, /?-fiuorotoluene, naphthalene, 1-methylnaphthalene etc. surrounding 
the rhenium cluster as well as DMF and OPPh 3 reported by Egli et al. (1997). Four intermolecular hydrogen interactions 
are reported between an aromatic carbon of the pyridine molecule to a carbonyl oxygen atom of the next rhenium cluster. 
The Re— O— Re angles (102.6 (3) ° to 104.7 (3) °) and the Re— O distances (2.154 (7) A to 2.179 (6) A) compare well to 
the structures of Herberhold & Suss (1975), Nuber et al. (1981), Copp et al. (1995) and Egli et al. (1997). The hydrogen 
bonds between the hydrogen-bond donor (« 3 -OH) and acceptor (basic nitrogen of pyridine) are relatively strong with 
N— O distances ranging from 2.586 (10) A to 2.628 (10) A. This is comparable to the manganese structure by Copp et al. 
(1995) with a C— O distance of 2.74 A from the bipyridine ligand to the bridging hydroxide oxygen. However, it does not 
correspond that well to the structure reported by Copp et al. (1995) with a distance of 3.58/3.59 A for the C— O distance 
of the manganese structure with benzene as 'spacer'. Intercube distances of 9.873 (2) A and 12.376 (3) A are reported and 
fits well within the range found by Copp et al. (1995) (9.74 A - 15.35 A). 

Experimental 

[NEt 4 ]2[Re(CO) 3 Br 3 ] (75 mg, 0.097 mmol), as prepared by Alberto et al. (1996), was dissolved in 20 ml of pyridine. The 
mixture was stirred at room temperature for 3 h and left to stand. The colourless cuboidal crystals formed by evaporation 
after a few days. 

Refinement 

Aromatic and hydroxyl H atoms were positioned geometrically and allowed to ride on their parent atoms, with C/ iS0 (H) = 
1.2[/ eq (parent) and (7 iso (H) = 1.5 ^(parent) of the parent atom with a C — H and O — H distance of 0.93 A and 0.85 (2) A 
respectively. 

Computing details 

Data collection: APEX2 (Broker, 2008); cell refinement: SAINT-Plus (Broker, 2008); data reduction: SAINT-Plus (Broker, 
2008); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg & Putz, 2005); software used to prepare material for 
publication: WinGX (Farmgia, 1999). 
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Figure 1 

Representation of the title compound, showing the numbering scheme and displacement ellipsoids (50% probability). 




Figure 2 

Packing of the title compound in the unit cell. 
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Tetra-^ 3 -hydroxido-tetrakis[tricarbonylrhenium(l)] pyridine tetrasolvate 



Crystal data 

[Re 4 (OH)4(CO) 12 ]-4C 5 H 5 N 
M r = 1465.39 
Monoclinic, Fl\lc 
Hall symbol: -P 2ybc 
a = 11.895 (5) A 
6 = 21.847 (5) A 
c= 16.245 (5) A 
^= 109.707 (5)° 
F=3974 (2) A 3 
Z = 4 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Graphite monochromator 
<p and co scans 

Absorption correction: multi-scan 

(SADABS; Broker, 2008) 
7^ = 0.211,7^ = 0.271 
68439 measured reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F > laiF 1 )} = 0.043 

wRiF 1 ) = 0.099 

S = 1.04 

9594 reflections 

516 parameters 

4 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000) = 2688 

D x = 2.449 Mg m" 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9793 reflections 

0 = 2.7-28.1° 

/u = 12.22 mm" 1 

T= 100 K 

Cuboid, colourless 

0.43 x 0.11 x 0.11 mm 



9594 independent reflections 
7966 reflections with I > 2a(I) 
R mt = 0.064 

$max 28 , $min 2.6 



= -15— >15 
k= -28->28 
/ = -20->21 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = ll[a\F 0 2 ) + (0.0181P) 2 + 118.6736P] 

where P = (F a 2 + 2F, 2 )/3 
(A/<r) max = 0.001 
Ay9 max = 7.00 e A" 3 
Ap mm = -6.09 e A" 3 



Special details 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 
correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell s.u.'s is used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on F 1 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2a{F 2 ) is 
used only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



y 



11- *IU 



Re3 
Re4 
Re2 
01 



0.36392 (3) 
0.36579 (3) 
0.16248 (3) 
0.1755 (6) 



0.330517 (15) 
0.431796 (15) 
0.316708 (15) 
0.3368 (3) 



0.69816 (2) 
0.85997 (2) 
0.80536 (2) 
0.6780 (4) 



0.01378 (7) 
0.01378 (7) 
0.01277 (8) 
0.0146(12) 
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A CAC A / A \ 

0.5054 (9) 


A A A O / A \ 

0.048 (4) 




H2 04 


A 1 O 1 

—0.181 


A HK 

0.1/13 


A C 1 O A 

0.5184 


A ACO* 

0.058* 




L203 


A 1 *70 1 / 1 0\ 

-0.1781 (12) 


0.2284 (7) 


A A O 1 O /A\ 

0.4218 (9) 


A ACO / A\ 

0.052 (4) 




H203 


—0.2403 


A O 1 AC 

0.2103 


A 1 T70 

0.3 / /2 


A A/CO* 

0.062* 




f ' o t\ o 
C202 


A 1 1 A /I /1 O \ 

-0.1194 (13) 


0.2784 (7) 


A A AC O /ON 

0.4058 (8) 


A AC 1 / A \ 

0.053 (4) 




H202 


A 1 /IT) 

—0.1412 


a one 
0.295 


A 1 C 

0.35 


A A/O * 

0.063* 




01 05 


A CCOC /A\ 

0.5525 (9) 


a ion /c\ 

0.2822 (5) 


1 AO/CA 

1.0269 (6) 


A AO ~) ZO\ 

0.023 (2) 




H105 


A CTAO 

0.530o 


ATI C\£ 

0.3196 


1 (\A A1 

1 .0443 


a mT* 
0.02 /* 




C103 


A /'/"CA /A\ 

0.6650 (9) 


A 1 A AO / C\ 

0.1902 (5) 


1 A f A O //"\ 

1.0643 (6) 


A AO /I /O \ 

0.024 (2) 




HI 03 


A niO/i 

0. / 1 84 


A 1 £Z A £L 

0.1646 


1 1 f\A Q 

1.1048 


A AOA* 

0.02y* 




CI 04 


A £Tlf /A\ 

0.6325 (9) 


A O A C C /C\ 

0.2455 (5) 


1 AOAO 

1.0898 (6) 


A AO n /o\ 

0.027 (2) 




i_ri r\/i 
H104 


A ££11 

0.6633 


A O C Q 1 

0.2581 


1.14/ / 


a nn* 
0.032* 




C102 


A /: 1 ZC"7 / 1 A\ 
0.616 / (10) 


a nil /c\ 
O.l /32 (5) 


0.9 / /3 (6) 


A AOO /OA 

0.02s (2) 




T-T1 AO 

HlUz 


a £T7o 
0.63 11 


A 1 ^£ 

0.136 


0.^583 


A C\1 A * 




riAi 
C1U1 


a c^o - /; / 1 a\ 
U.J3 /O (.1U) 


U.Z1Z4 (J ) 


n Q1 QQ 

u.yisy (o^ 


A AO 1 /0\ 

U.Uz / \Z) 




T-T1 01 
niui 


n ^o^ 


0 9007 


0 SfiOft 


0 0^9* 




02 


0.1773 (6) 


0.4152 (3) 


0.7990 (4) 


0.0166(13) 




H3 


0.395 (10) 


0.316(6) 


0.871 (6) 


0.06 (4)* 




H2 


0.134 (8) 


0.436 (4) 


0.821 (6) 


0.02 (3)* 




HI 


0.127(11) 


0.319(6) 


0.634 (6) 


0.07 (5)* 




H4 


0.376 (11) 


0.452 (5) 


0.704 (9) 


0.07 (5)* 




Atomic displacement parameters (A 2 ) 




U n U 22 


U 33 


U u 


U 13 




Re3 


0.01351 (13) 0.01541 (12) 0.01219 (11) 


0.00124 (9) 


0.00403 (9) 


0.00039 (8) 


Re4 


0.01351 (13) 0.01541 (12) 0.01219 (11) 


0.00124 (9) 


0.00403 (9) 


0.00039 (8) 


Re2 


0.01148 (17) 0.01394(16) 0.01229(15) 


-0.00146(12) 


0.00322 (12) 


-0.00020 (12) 


01 


0.014(3) 0.014(3) 


0.010(3) 


0.002 (2) 


-0.003 (2) 


0.000 (2) 


033 


0.013 (4) 0.053 (5) 


0.023 (3) 


0.006 (3) 


0.004 (3) 


0.005 (3) 


C23 


0.017(5) 0.015(4) 


0.010 (4) 


-0.005 (3) 


0.003 (3) 


0.000 (3) 


04 


0.019(3) 0.014(3) 


0.016(3) 


0.001 (3) 


0.009 (3) 


0.005 (2) 


023 


0.016 (4) 0.022 (3) 


0.032 (4) 


-0.002 (3) 


0.008 (3) 


0.004 (3) 


Rel 


0.01131 (17) 0.01397 (16) 0.01761 (16) 


0.00153 (13) 


0.00254 (13) 


0.00234 (12) 


03 


0.013 (3) 0.013 (3) 


0.011 (3) 


-0.001 (2) 


0.003 (2) 


0.000 (2) 


041 


0.028 (4) 0.012 (3) 


0.034 (4) 


-0.006 (3) 


0.006 (3) 


-0.004 (3) 


042 


0.021 (4) 0.029 (4) 


0.017 (3) 


-0.006 (3) 


0.009 (3) 


-0.003 (3) 


043 


0.017 (4) 0.030(4) 


0.030 (4) 


-0.007 (3) 


0.008 (3) 


-0.001 (3) 


C43 


0.015(4) 0.014(4) 


0.016 (4) 


-0.004 (3) 


0.007 (3) 


-0.004 (3) 


C42 


0.015 (5) 0.013 (4) 


0.029 (5) 


-0.003 (3) 


0.006 (4) 


-0.001 (4) 


C41 


0.015(4) 0.016(4) 


0.020 (4) 


-0.001 (3) 


0.003 (4) 


0.002 (3) 


031 


0.034 (4) 0.034 (4) 


0.016(3) 


0.005 (3) 


0.009 (3) 


0.002 (3) 


021 


0.038 (5) 0.049 (5) 


0.016(3) 


-0.012 (4) 


0.014(3) 


-0.002 (3) 


C31 


0.019(5) 0.022(4) 


0.015 (4) 


0.004 (4) 


0.003 (3) 


0.001 (3) 
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Czl 


A A1 /" /f \ 

0.016 (5) 


A A 1 A (A \ 

0.019 (4) 


A AO*7 /C\ 
0.0Z / (j) 


A AAC { A\ 

—0.005 (4) 


A AAO {A \ 

0.00Z (4) 


A AAO //l\ 

— 0.00Z (4) 


C3 3 


A AOI /C\ 

0.0Z3 (5) 


A AT 1 /C\ 

0.031 (5J 


A AAjC f A \ 

0.006 (4) 


A AAO (A \ 

0.005 (4) 


A AAO /T\ 

0.00Z (3) 


A A A 1 /T A 

—0.001 (3) 


Ozz 


A AT C //I \ 

0.035 (4J 


A A1 O ( A\ 

O.Olo (4J 


A A/I A ( A \ 

0.040 (4) 


A AA1 (1\ 

0.001 (3) 


A AAC (1\ 

0.005 (3) 


A AAA /T\ 

0.000 (3) 


Czz 


O.Olz (4) 


A A1 O Z"/^ 

0.015 (4) 


A ATI / A\ 

0.0Z3 (4) 


A AAA i1\ 

0.000 (3) 


A AA1 (A \ 

0.001 (4) 


A AAA t A\ 
0.000 (4) 


U3z 


A flCA /C\ 

0.050 (3) 


A A1 T /")\ 

0.01 / (3J 


A AO A /")\ 

0.0Z4 (3J 


A AAO /T \ 

0.005 (3) 


A A1 O /T\ 

O.Olz (3) 


A AAA /T\ 

0.000 (5) 


Ull 


A A AH /c\ 

0.04/ (j) 


A A1 T SA\ 

0.013 (4) 


A AC/: /c\ 

0.03O p) 


A AAT /T \ 

0.003 (5) 


A AAT { A\ 

—0.00/ (4) 


A AAT /T \ 

0.003 (3) 


C3z 


A A 1 O fZ\ 

0.019 (j) 


A AOO 

0.0z9 (5) 


A A 1 A ( A\ 

0.014 (4J 


A AA/I ( A\ 

—0.004 (4J 


A AA1 ( A\ 

0.003 (4) 


A AAO (A \ 

0.00Z (4) 


Cll 


A A1 /" /f \ 

0.016 (5) 


A AO C /CA 

O.Ozj (5) 


A AO*7 /C\ 

0.0Z / (d) 


A AAT //I \ 

0.003 (4) 


A AAO { A\ 

— O.OOo (4) 


A AAC ( A\ 

0.005 (4) 


Ulz 


a nn //i \ 
U.U33 (4) 


a aoa //i \ 
U.U39 (4) 


o ooa ( a\ 
U.Uzo (4j 


A AA/ /T\ 

U.UUo (3 j 


A AA/ /T\ 

U.UUo (3 ) 


A A1/T /T\ 
0.016 (5) 


Clz 


A A 1 jC /CA 

0.016 (5J 


A AT) /C\ 

0.0z3 (5) 


A AOT /C\ 

0.0Z3 pj 


A AA/1 //I \ 

0.004 (4) 


A AA 1 iA \ 

—0.001 (4) 


A A1 A / A\ 

0.010 (4J 


C13 


A A1 f /C\ 

0.015 (j) 


A AOA //1\ 

0.0Z0 (4) 


A AO 1 ( A\ 

O.Ozl (4) 


A AA/1 ( A\ 

0.004 (4) 


A AA 1 ( A\ 

—0.001 (4) 


A AAA ( A\ 
0.000 (4J 


Ol 3 


A AO O //I \ 

O.Ozz (4) 


A AO A f A \ 

0.0z9 (4) 


A A A O //I \ 

0.04Z (4J 


A AAO /TA 

0.00Z (3) 


A AA/C /T \ 

0.006 (3) 


A AAC (1\ 

0.005 (3) 


XT1 

JN 1 


A AOO 

U.UzU (4 J 


a A^n (a \ 

O.Oz / (4) 


A A1 f C1\ 

O.OIj (5) 


A AA/1 / T\ 

0 . 004 (3J 


A AA/1 

0.004 (3 ) 


A AAT n\ 

0.003 (3) 


XTO 

JNz 


a mo //i\ 
O.OZZ (4 J 


A AOO /">1\ 

O.Ozz (4) 


A AO£ Z/IA 

O.Ozo (4) 


A AAA S1\ 

0.000 (3J 


A AA^ (1\ 

0.003 (3) 


A AAT \ 

—0.00/ (3) 


XTT 

N3 


A A 1 O / A\ 

0.018 (4) 


A ATI / A \ 

O.Ozz (4) 


A AO A ( A\ 

0.029 (4) 


A AAT /T\ 

0.003 (3) 


A AAA /T \ 

0.009 (3) 


A AAC /T \ 

-0.005 (3) 


XT A 

JN4 


A AT) //1\ 

O.Ozz (4 J 


A AO A (A \ 

0.0z4 (4) 


A AOT / A\ 
0.0Z3 (4J 


A AAT /T\ 

—0.003 (3J 


A AAA /T \ 

0.009 (3) 


A AAT /T \ 

0.003 (3) 


C305 


0.0Z9 (6) 


A AT O ( £\ 

0.03Z (o) 


A AT O 

0.03o (o) 


A AA 1 /C\ 

0.001 (d) 


A A 1 /T /CX 
0.016 (5J 


A AA/1 /C\ 
0.004 (J) 


C30Z 


a c\cn (A (\\ 
0.06/ (10) 


A AOO (£\ 

0.0z9 (6) 


A ACO (H\ 
0.03Z (1) 


A A1 C f/Z\ 

0.015 (oj 


0.030 (/) 


A A1 1 /C\ 

—0.011 (5) 


L304 


0.025 (6) 


a a a t sn\ 

0.047 (7) 


A ACO sn\ 
0.05Z (7) 


A A A /_ /C\ 

0.006 (5) 


A AO A { C\ 

0.020 (5) 


A A 1 A ( £\ 

0.014 (6) 


C303 


A AIT /T"\ 

0.03 / (/) 


a A/i 1 fn\ 
0.041 (1) 


A ACT SQ\ 

0.05 / (o) 


A A1 C f tZ\ 

0.015 (o) 


A AO A 

0.0Z9 (6) 


A AAA i £\ 

0.000 (6) 


C301 


A AO 1 

0.031 (6) 


A ATA /zT\ 

0.030 (o) 


A C\A H {H\ 

0.04 / ( /) 


A AAO 

0.00Z (d) 


A A1 (1 ( C\ 

0.016 (5 ) 


A AAT 

—0.00/ (5) 


/"m ao. 
C403 


a no^: /c\ 
0.0Z6 (?) 


A AO C /C\ 

0.0z5 (5) 


A A1 1 /C\ 

0.031 (5) 


A AAA (A \ 

0.000 (4) 


A A1 (A \ 

0.016 (4) 


A A1 1 ( A\ 

0.011 (4) 


• no 

L40z 


A A 1 A /C\ 

0.019 (5) 


A AT A /C\ 

0.034 (5) 


A AOO /f \ 

O.Ozz (5) 


A A A 1 ( A\ 

—0.001 (4) 


A A 1 A f A \ 

0.010 (4) 


A AAO f A \ 

0.00Z (4) 


C401 


A AT/: f£l\ 

O.Ozo (6) 


A AT 1 /C\ 

0.031 (5) 


A AOO /C\ 

O.Ozz (d) 


A AAO iA \ 

—0.005 (4) 


A AAz: / A\ 

0.006 (4J 


A AAjC //I \ 

—0.006 (4) 


r 1 /! n/i 
C404 


A AO 1 

0.031 (6) 


a ah /c\ 
0.01 / (5) 


a A/io 
0.04Z (o) 


A AAC ( A\ 

—0.005 (4J 


A A 1 C ( Z\ 

0.015 (5) 


A AAC ( A \ 

—0.005 (4) 


C405 


A AT A 

0.034 (o) 


A AO C /C\ 

0.0z5 (5j 


A AT /I /C\ 

0.034 (5) 


A AAT (A \ 

0.00/ (4) 


A AO 1 /C\ 

O.Ozl (5) 


A AAO ( A\ 
0.00Z (4) 


Lz05 


A ATA f £\ 

0.030 (6) 


A AT C 

0.035 (6) 


A AT A ( £\ 

0.034 (6) 


A AAO { C\ 

0.002 (5) 


A A 1 1 /C\ 

0.011 (5) 


A A 1 C /C\ 

—0.015 (5) 


CzOl 


A A A 1 /TA 
0.041 (/) 


A AT 1 

0.031 (oj 


A AOT /C\ 

0.0Z3 (?) 


A A 1 T /C\ 

0.013 (5) 


A AA 1 ( Z\ 

—0.001 (5) 


A AAC iA \ 

—0.005 (4) 


CZ04 


0.033 (/) 


A A/1 C /'7\ 

0.04j (/J 


A A/TO /'0^ 

0.0o9 (9) 


—0.01 / (o) 


a non (h\ 
0.0Z0 ( !) 


A AT C (H\ 

—0.035 (/) 


L203 


A ATA /T\ 

0.030 (7) 


A AzTO /A\ 

O.Ooz (9) 


A A A £L C~l\ 

0.046 (7) 


A A 1 A i £L\ 

0.010 (6) 


A AAA { £\ 

—0.009 (6) 


A AT A /T\ 

-0.039 (7) 


LzOz 


A AC A /A\ 

0.054 (9) 


A A/^*7 /A\ 

0.067 (9) 


A AO A ( £L \ 

0.024 (6) 


A A 1 £ C~l\ 

0.016 (7) 


A AAC / £L\ 

-0.005 (6) 


A AO A 

— 0.0z4 (6) 


pi OS 


0 095 rf'S'* 


U.UZJ ^ 


U.UZU \H ) 


0 001, (A\ 


U.UU/ \HJ 




C103 


0.025 (5) 


0.024 (5) 


0.022 (5) 


0.004 (4) 


0.006 (4) 


0.005 (4) 


C104 


0.026 (6) 


0.033 (5) 


0.015 (4) 


-0.001 (4) 


-0.002 (4) 


0.003 (4) 


C102 


0.035 (6) 


0.029 (5) 


0.022 (5) 


0.015 (5) 


0.010(4) 


0.003 (4) 


C101 


0.032 (6) 


0.026 (5) 


0.020 (5) 


0.001 (4) 


0.005 (4) 


0.003 (4) 


02 


0.021 (3) 


0.015 (3) 


0.017(3) 


0.001 (3) 


0.010(3) 


-0.002 (2) 



Geometric parameters (A, °) 



Re3— C32 


1.886 (10) 


N2— C201 


1.339 (13) 


Re3— C31 


1.900 (9) 


N3— C305 


1.304(14) 


Re3— C33 


1.906(10) 


N3— C301 


1.342 (13) 


Re3— 01 


2.157(6) 


N4— C401 


1.331 (13) 


Re3— 03 


2.168 (6) 


N4— C405 


1.349 (13) 


Re3— 04 


2.179 (6) 


C305— C304 


1.392 (16) 


Re4— C43 


1.893 (9) 


C305— H305 


0.93 


Re4— C42 


1.913 (10) 


C302— C303 


1.362 (19) 


Re4— C41 


1.918(9) 


C302— C301 


1.386(16) 


Re4— 02 


2.154 (7) 


C302— H302 


0.93 
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Re4— 03 2.172(6) C304— C303 1.373 (18) 

Re4— 04 2.173 (6) C304— H304 0.93 

Re2— C23 1.891 (9) C303— H303 0.93 

Re2— C22 1.916(9) C301— H301 0.93 

Re2— C21 1.918(10) C403— C402 1.359 (14) 

Re2— 03 2.157(6) C403— C404 1.385 (14) 

Re2— 02 2.165 (6) C403— H403 0.93 

Re2— 01 2.171(6) C402— C401 1.392(14) 

01— Rel 2.178(6) C402— H402 0.93 

01— HI 0.85 (2) C401— H401 0.93 

033— C33 1.164 (12) C404— C405 1.392 (15) 

C23— 023 1.173 (11) C404— H404 0.93 

04— Rel 2.160(6) C405— H405 0.93 

04— H4 0.85 (2) C205— C204 1.380(16) 

Rel— C12 1.888 (10) C205— H205 0.93 

Rel— C13 1.889(10) C201— C202 1.376 (16) 

Rel— Cll 1.907(10) C201— H201 0.93 

Rel— 02 2.169(6) C204— C203 1.38 (2) 

03— H3 0.85 (2) C204— H204 0.93 

041— C41 1.146(11) C203— C202 1.37 (2) 

042— C42 1.143 (11) C203— H203 0.93 

043— C43 1.154 (11) C202— H202 0.93 

031— C31 1.156(11) C105— C104 1.391 (13) 

021— C21 1.149(11) C105— H105 0.93 

022— C22 1.137 (11) C103— C104 1.375 (14) 

032— C32 1.172 (12) C103— C102 1.386 (13) 

011— Cll 1.149(12) C103— H103 0.93 

012— C12 1.161 (12) C104— H104 0.93 
C13— 013 1.157(12) C102— C101 1.384 (14) 
Nl— C105 1.334 (12) C102— H102 0.93 
Nl— C101 1.338 (13) C101— H101 0.93 
N2— C205 1.328 (14) 02— H2 0.85 (2) 

C32— Re3— C31 85.6(4) 042— C42— Re4 179.5(9) 

C32— Re3— C33 88.8 (4) 041— C41— Re4 177.6(8) 

C31— Re3— C33 89.8 (4) 031— C31— Re3 178.9(9) 

C32— Re3— 01 101.2(3) 021— C21— Re2 179.5(9) 

C31— Re3— 01 96.7(3) 033— C33— Re3 178.0(9) 

C33— Re3— 01 168.4(3) 022— C22— Re2 178.7(9) 

C32— Re3— 03 100.1 (3) 032— C32— Re3 177.3 (9) 

C31— Re3— 03 169.7(3) Oil— Cll— Rel 178.9(11) 

C33— Re3— 03 98.8(3) 012— C12— Rel 178.1(9) 

01— Re3— 03 73.8(2) 013— C13— Rel 177.2(8) 

C32— Re3— 04 173.6(3) C105— Nl— C101 117.7(8) 

C31— Re3— 04 99.9(3) C205— N2— C201 117.8(9) 

C33— Re3— 04 94.5 (3) C305— N3— C301 117.7(9) 

Ol— Re3— 04 75.0(2) C401— N4— C405 117.5 (9) 

03— Re3— 04 73.9(2) N3— C305— C304 124.5 (11) 

C43— Re4— C42 87.2(4) N3— C305— H305 117.8 



Acta Cryst. (2012). E68, m1208-m1209 



sup-7 



supplementary materials 



C43 — Ke4 — C4 1 


C\f\ 1 {A \ 

y\J.$ (4) 


C42 — Re4 — C4 1 


no A f A \ 

o8.4 (4) 


C43 — Ke4 — U2 


170.3 (3) 


C42 — Ke4 — U2 


no n /i\ 

98.0 (3) 


/" • /I 1 T) _ 1 Z' VO 

C41 — Ke4 — U2 


no n /i\ 
9o.O (3J 


C43 — Re4 — 03 


97.0 (3) 


C42 — Re4 — (J3 


99.2 (3) 


C41 — Re4 — 03 


169.6 (3) 


Uz — Ke4 — 03 


HA 1 

74.1 (2) 


C43 — Re4 — 04 


100.4 (3) 


I~a A^i Ti ~A t~\A 

C42 — Re4 — (J4 


1 TA *5 i^i\ 

170.3 (3) 


C41 — Re4 — 04 


AT C /T\ 

97.5 (3) 


Oz — Ke4 — U4 


73.7 (2) 


03 — Re4 — 04 


74.0 (2) 


C23 — Rez — C22 


OzT A ( A\ 

ob.9 (4) 


i~a^i*> a ~i /~<^> 1 

C23 — Re2 — C21 


OA A ( A\ 

ov.O (4) 


C2z — Kez — C2 1 


OA O ( A\ 

ov.z (4) 


C23 — Re2 — 03 


170.2 (3) 


C22 — Re2 — 03 


AO T \ 

98.7 (3) 


C21 — Kez — U3 


AA A /T\ 

99.0 (3) 


/~i O O D ^.O f"\0 

C23 — Kez — Uz 


99.4 (3J 


d z~\o 

Czz — Kez — Uz 


170.9 (3) 


1 Tl O /"VI 

C21 — Re2 — 02 


97.5 (3) 


U3 — Kez — Uz 


74.2 (2) 


C23 — Kez — U 1 


at Z (1\ 

97.5 (3) 


C22 — Re2 — 0 1 


AA A /")\ 

99.0 (3) 


C21 — Re2 — Ol 


169.8 (3) 


03 — Re2 — U 1 


TI O /0\ 

/3.Q (Z) 


(Jz — Kez — (J 1 


/3.6 (Z) 


Re3 — Ol — Re2 


1 A /I 1 /^N 

104.3 (2) 


Re3 — Ol — Rel 


1 AO T \ 

102.7 (3) 


Re2 — Ol — Rel 


1 A/1 n /1\ 

104.Z (z) 


A o rii Til 

KeJ — Ol — HI 


llo (10) 


A /' 1 A TT 1 

Re2 — Ol — HI 


1 1 T / 1 A\ 

117 (10) 


TA „ 1 /~\ 1 TT 1 

Rel — Ol — HI 


1 AO / 1 A\ 

108 (10) 


023 — C23 — Re2 


178.7 (8) 


TA „ 1 /"'\ /I TA , , /] 

Rel — 04 — Re4 


104.2 (3) 


T) „ 1 A 1 

Rel — 04 — Re3 


1 AO (">\ 

102.6 (3) 


A A f \ a Ti 

Re4 — 04 — Rei 


1 A A A ZO\ 

104.0 (2) 


TA 1 /"'\ yl TT A 

Rel — 04 — H4 


117/1 A\ 

117 (10) 


Ti ^ A i"\ A TT A 

Re4 — 04 — H4 


112 (10) 


ta _ -A /-■•. a TT A 

Re3 — 04 — H4 


1 1 / /I A\ 

116 (10) 


L12 — Rel — C13 


OO T / A \ 

88.7 (4) 


r> I pi i 

C12 — Kel — Oil 


OO A ( A\ 

88.4 (4) 


C13— Rel— Cll 


89.0 (4) 


C12— Rel— 04 


97.2 (3) 


CI 3— Rel— 04 


170.0 (3) 


Cll— Rel— 04 


99.1 (3) 


C12— Rel— 02 


169.5 (3) 



C304 — C305 — H305 


117.8 


C303 — C302 — C30l 


11A 0 /ii\ 

119.8 (12) 


C303 — C302 — H302 


1 OA 1 

120.1 


/^OAO T TO AO 

C30l — C302 — H302 


1 OA 1 

120.1 


Z" 1 OAT /" < ") A /I Z^ 1 0 A C 

C303 — C304 — C305 


1 1 T C /1 1 \ 

117.5 (11) 


< 1 AO /" ■• TTOA/1 

C303 — C304 — H304 


121.3 


C305 — C304 — H304 


121.3 


C302 — C303 — C304 


110 A / 1 1 \ 

H8.9 (ll) 


/"'OAO n^l TTOAO 

L302 — C303 — H303 


1 OA 

120.6 


C304 — C303 — H303 


120.6 


tl TO /" ■> o /\ 1 /-i 1 AO 

N3 — C301 — C302 


121.6 (11) 


XT') /" ")A1 TTOA1 

N3 — C301 — H301 


119.2 


/-""■< -f AO /" • ") a 1 TTOA1 

C302 — C301 — H301 


119.2 


s • a AO /~1 A AO ^ A (\ A 

C402 — C403 — C404 


1 1 A A /A\ 

H9.0 (9) 


Z" 1 /I AO /' ^ /l AO TT/m 

C402 — C403 — H403 


120.5 


C404 — C403 — H403 


120.5 


Z^/IAO /I AO /~i ( A I 

C403 — C402 — C40 1 


1 1 A T / A \ 

119.7 (9) 


Z"< A A1 /" < /|AO TT/IAO 

C403 — C402 — H402 


120.2 


C401 — C402 — H402 


120.2 


XT A f ^ A A 1 /" ^ /( AO 

N4 — C40 1 — C402 


IOO T / A \ 

122.7 (9) 


XT/1 ri^A1 TT/1A1 

N4 — C40 1 — H40 1 


1 1 O T 

118.7 


/- • a AO /~1 A f\A THAI 

C402 — C40 1 — H40 1 


118.7 


C403 — C404 — C405 


110 1 /A\ 

118.3 (9) 


f • a AO /" " A f\ A U A f\ A 

C403 — C404 — H404 


120.8 


C405 — C404 — H404 


1 OA O 

120.8 


N4 — C405 — C404 


IOO O / A\ 

122.8 (9) 


X T /l /"< A (\ r T I J Ar 

N4 — C405 — H405 


1 1 8.6 


/-^i A f\ A f ' /I AC tt < AC 

C404 — C405 — H405 


118.6 


XTO /"""OAC Z^OA/I 

N2 — C205 — C204 


100 c / 1 o\ 

122.5 (12) 


N2 — C205 — H205 


118.8 


C204 — C205 — H205 


118.8 


XTO A 1 Z"< O AO 

N2 — C20l — C202 


IOO T / 1 O \ 

122.7 (13) 


XTO /"<OA1 TTOA1 

N2 — C201 — H201 


1 1 0 z: 

118.6 


/""lAI /~10 A 1 TT1A1 

C202 — C20 1 — H20 1 


118.6 


C203 — C204 — C205 


11A A / 1 O \ 

H9.4 (13) 


Z^OAO /~^0 A A TTOA/1 

C203 — C204 — H204 


1 OA O 

120.3 


Z" 1 0 A C /"^O A /I T TO A A 

C205 — C204 — H204 


120.3 


C202 — C203 — C204 


1101 /11\ 

H8.3 (ll) 


C202 — C203 — H203 


120.9 


/^O A A z"<OAO T TO A") 

C204 — C203 — H203 


1 OA A 

120.9 


Z^O A1 Z~"0 AO Z^O A 1 

C203 — C202 — C20 1 


11AO 

1 19.3 (13) 


/"< ^ A1 /""1A1 TT1A1 

C203 — C202 — H202 


120.3 


Z^ O A 1 /" • 1AO TTOAO 

C20 1 — C202 — H202 


120.3 


Nl— C105— C104 


123.2 (9) 


Nl— C105— H105 


118.4 


CI 04— CI 05— HI 05 


118.4 


CI 04— CI 03— CI 02 


118.7(9) 


CI 04— CI 03— HI 03 


120.7 


CI 02— CI 03— HI 03 


120.7 
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pi -1 n„i po 
CI 3 — Kel — Oz 


on c /t\ 

99. j (3) 


Cll — Kel — Oz 


ao i / a \ 

98.2 (4) 


(J4 — Kel — Oz 


HI H /1\ 

73.7 (2) 


pn r> , 1 /"A i 

Clz — Kel — Ol 


99.2 (3) 


C13 — Rel — Ol 


96.2 (3) 


Cll — Kel — Ol 


170.8 (3) 


04 — Kel — Ol 


75.0 (2) 


Oz — Kel — Ol 


HI C /1\ 

73.5 (2) 


Re2 — 03 — Re3 


104.4 (2) 


Ke2 — U 3 — Ke4 


1 at 1 fi\ 
103.Z (2) 


Re3— 03— Re4 


104.4 (2) 


Re2— 03— H3 


112(10) 


Re3— 03— H3 


123 (10) 


Re4— 03— H3 


107(10) 


043— C43— Re4 


177.6 (8) 



pi A! P1A/I pi AC 

C 1 03 — C 1 04 — C 105 


1 1 O £L (C\\ 

118.6 (9) 


P 1 A ~) P 1 A /I Til A/I 

C 1 03 — C 1 04 — H 1 04 


120.7 


P 1 <\C P 1 A /I TT1A/1 

C 1 05 — C 1 04 — H 1 04 


1 1A T 

120.7 


ClOl — CI 02 — C103 


i 1 a 1 /a\ 

119.1 (9) 


ClOl — CI 02 — H10z 


1 OA C 

IzU.j 


f~< 1 A") r"iAi tti /n 

C 1 03 — C 1 02 — H 102 


1 OA C 

120.5 


TVT1 P1A1 film 

N 1 — ClOl — CI 02 


1 *">o o /A\ 

122.8 (9) 


\T1 piAi TT1A1 

N 1 — ClOl — HI 01 


hoc 

118.6 


PIAA P1A1 TT 1A1 

CI 02 — ClOl — HI 01 


118.6 


Ke4 — 02 — Ke2 


1 AT C /"3 \ 

103.5 (3) 


Re4— 02— Rel 


104.6 (3) 


Re2— 02— Rel 


104.7 (2) 


Re4— 02— H2 


114(8) 


Re2— 02— H2 


115 (8) 


Rel— 02— H2 


113 (7) 



Hydrogen-bond geometry (A, °) 



D—R-A 


D — H 


R-A 


D-A 


D—R-A 


C103— H103-O23 1 


0.93 


2.59 


3.249 (12) 


128 


C203— H203-O33 u 


0.93 


2.42 


3.330 (13) 


166 


C303— H303-O42 ui 


0.93 


2.49 


3.321 (13) 


149 


C404— H404-O32 iv 


0.93 


2.47 


3.252 (12) 


142 


01— H1-N2 


0.85 (2) 


1.76(4) 


2.600(10) 


170(16) 


02— H2-N3 


0.85 (2) 


1.74 (3) 


2.586(10) 


174(11) 


03— H3-N1 


0.85 (2) 


1.79 (4) 


2.627(10) 


165 (14) 


04— H4-N4 


0.85 (2) 


1.78(4) 


2.620(10) 


169(15) 


Symmetry codes: (i) x+\, -y+l/2, z+1/2; (ii) x-l, 


-y+l/2, z-1/2; (iii) -x, 


-y+l, -z+2; (iv) -x+l,y+\/2, 


-z+3/2. 
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